Introduction
In 2012, 1.8 million newly diagnosed lung cancer patients were estimated to be affected worldwide which accounted for ~13% of all types of cancer diagnoses. And, lung cancer ranked as the leading cause of cancer death among males in 2012. 1 Although much progress in multimodal therapy has emerged, surgical resection continues to play a vital role in the treatment of lung cancer, especially the relatively early nonsmall cell lung cancer (NSCLC). However, the 5-year survival rate of lung cancer patients still remains only ~17.4% when various therapies are adopted. 2, 3 Therefore, it is necessary to develop effective biomarkers to identify patients who may have poor clinical outcomes after surgical treatment.
Some indicators, including hemostatic factors, nutritional status, and immunological responses, could reflect outcomes of patients with tumors. [4] [5] [6] Fibrinogen, produced in the liver in response to cytokine stimulation, may reflect tumor development and inflammatory level. [7] [8] [9] Several studies confirmed the relationship between high serum fibrinogen levels and poor prognosis in NSCLC patients. [10] [11] [12] Albumin, which reflects nutritional status, is also reported to have a strong association with outcomes of submit your manuscript | www.dovepress.com
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chen et al NSCLC patients. 13, 14 Therefore, the combination of fibrinogen and albumin may serve as a more effective scoring system to predict prognosis of NSCLC patients following pneumonectomy. Satoru Matsuda et al reported that plasma fibrinogen and serum albumin levels (FA score) showed significant association with survival in esophageal cancer patients. 15 The prognostic nutritional index (PNI), which is calculated by albumin and lymphocytes count, has been assessed as a prognostic indicator in tumors, such as esophageal cancer, gastric cancer, and hepatocellular carcinoma. 6, 16, 17 It is broadly demonstrated that high preoperative PNI is related to normal preoperative carcinoembryonic antigen level, small tumor size, well differential grade, pathological stage I, and long survival time in NSCLC patients. [18] [19] [20] [21] However, to the best of our knowledge, no study has investigated FA score in NSCLC patients.
Thus, we conducted a retrospective study to mainly discuss correlations of preoperative FA score with clinicopathological characteristics and survival outcomes in NSCLC patients. Then, we compared the values of FA score and PNI in terms of progression-free survival (PFS) and overall survival (OS).
Materials and methods Patients
Between January 2009 and December 2010, 182 patients with pathologically diagnosed NSCLC who underwent pneumonectomy at the Department of Thoracic Surgery, Qilu Hospital of Shandong University were retrospectively reviewed in our cohort. Patients were excluded from our research if they: 1) underwent neoadjuvant therapy; 2) had $2 primary tumors; 3) had coagulation disorders or metabolic diseases before; 4) were lost to follow-up. All clinicopathological features were obtained from the patients' records. Pathological stages of patients were based on the tumor, node, and metastases (TNM) classification of the American Joint Committee on Cancer staging manual (seventh edition, 2010). 43 Patients' laboratory and hematological data were tested routinely within 1 week prior to surgery. All clinical investigations in our study were conducted in accordance with the Declaration of Helsinki. This study was ratified by the Ethics Committee of Qilu Hospital of Shandong University. Written informed consent was obtained from all the patients in this study.
Follow-up
Patients were followed up every 3-4 months in the first 2 years after surgery and every 6 months thereafter until they were lost or dead. The last date of follow-up was November 2015. Follow-up of patients included blood tests, urine tests, computed tomography, and physical examination. PFS and OS at the end of our follow-up were adopted as the endpoints of this study. PFS (in months) was the time interval during which no local recurrence or distant metastasis occurred in patients. OS (in months) was calculated as the time interval from the date of completion of surgery to the date of death or last follow-up.
Fa score and Pni evaluation
From receiver operating characteristic (ROC) curve analysis, cutoff values of fibrinogen and albumin were determined. Then, fibrinogen and albumin acted as categorical variables in this study. Patients with both elevated fibrinogen and decreased albumin were assigned a score of 2, patients with either of the two abnormities were assigned a score of 1, while those with neither of the two abnormities were assigned a score of 0. PNI was obtained by albumin (g/L) +5× total lymphocyte count (10 9 /L).
statistical analysis
Serum fibrinogen, serum albumin, and lymphocyte count were calculated as mean and standard deviation. The three indicators were analyzed across differential grade, T stage, N stage, and TNM classification. An unpaired t-test and oneway analysis of variance were adopted to analyze continuous variables of different subgroups. Relationships between categorical variables were assessed using Fisher's exact test or Pearson's chi-square test. ROC analysis was performed to determine possible cutoff values of the continuous serum fibrinogen, albumin, and PNI. To confirm the accuracy of the FA score and PNI for predicting survival outcomes, ROC curves were also used during the analyses. In the analyses of PFS and OS, Kaplan-Meier method and log-rank tests were used. The Cox proportional hazards regression model was adopted in the univariate and multivariate analyses. Variables with statistical significance in the univariate analysis could be included into the multivariable analysis. A two-sided P-value was used in this study and a value ,0.05 was considered statistically significant. The Statistical Package for Social Sciences (SPSS for Windows, version 20.0; IBM Corporation, Armonk, NY, USA) program was used for statistical analyses.
Results
Baseline clinicopathological characteristics of patients
The baseline characteristics of 182 patients are shown in Table 1 With ROC analysis, we obtained the cutoff value of 39.3 g/L for serum albumin, 3.62 g/L for fibrinogen, and 46.6 for PNI. Eighty four (46.2%) patients were distributed to the group of score 0, 67 (36.8%) to the group of score 1, and others were in the group of score 2. For PNI, 33 (18.1%) patients were assigned to the lower group (,46.6), while 149 (81.9%) patients were included in the higher group ($46.6). and OS (P=0.013) of patients between low and high PNI groups also exhibited statistical difference. In conclusion, a high FA score, as well as low PNI, was associated with the short survival time of patients with NSCLC. 
Univariate and multivariate survival analyses
Subgroup analysis by histological types of nsclc
Considering that clinical outcomes of patients may vary as the histological type changes, our patients were classified into two groups (SCC and ADC groups, and the other types were not analyzed). In the analysis of SCC patients (Figure 2 
Discussion
Recently, several prognostic factors have been reported in NSCLC patients, including neutrophil to lymphocyte ratio, 
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Fa score as a promising prognostic indicator in nsclc lymphocyte to monocyte ratio, serum albumin, fibrinogen, and others. 12, 14, 18, 21, 22 In the present study, the clinical values of preoperative FA score and PNI were investigated in patients with resectable NSCLC. High FA score was related to smoking status, poor differential grade, and advanced T stage and TNM stage. FA score acted as an independent predictive factor for PFS and OS in patients with NSCLC. Low PNI was also associated with advanced T stage. PNI showed a statistical relationship with both PFS and OS, but was not an independent indicator according to the multivariate analysis. In addition, FA score and PNI exhibited different values according to different histological types and different survival times. These results reinforced that FA score and PNI could provide abundant information about the clinical prognosis of NSCLC patients, and FA score might be a more promising prognostic indicator, compared to PNI.
The roles of malnutrition and inflammation in regulating carcinogenesis, tumor progression, and metastasis have become the hot spot in cancer research. 1, 5, 23 Low serum albumin could represent the compromised nutritional status of the host, as well as the response of systemic inflammation. 24 Studies demonstrated that hypoalbuminemia was associated with poor prognosis and decreased survival in various malignancies. [24] [25] [26] Tanriverdi et al reported that low serum albumin could predict poor prognosis in NSCLC patients, and reflects reduced response rate to first-line therapy.
14 Studies found the association between hypoalbuminemia and poor clinical outcomes in patients with NSCLC. 27, 28 In our analysis, low preoperative albumin level showed a statistical relation with poor differential grade and advanced tumor stage, which was consistent with other studies. Activated coagulation and fibrinolysis are commonly related to tumor invasion and metastasis. Studies proved that elevated concentration of platelet count, D-dimer, and antithrombin III content had a strong association with a worse prognosis in NSCLC patients. [29] [30] [31] Recent studies revealed that serum fibrinogen showed a correlation with prognosis in different cancers. 32, 33 Elevated fibrinogen level was found to be associated with poor prognosis acting as a predictive biomarker in NSCLC patients. 11, 12 High fibrinogen had a relationship with poor differential grade, and advanced T stage, N stage, and TNM stage. It is reasonable to adopt the FA score as a prognostic scoring system in NSCLC patients. As a combined indicator, FA score could represent nutritional status, inflammation, and the coagulation system of a patient.
FA score was observed to have an association with tumor invasion depth, lymph node metastasis, and postoperative survival in esophageal cancer patients. 15 In our cohort, the FA score showed a statistical relation with smoking status, differential grade, T stage, and TNM stage. FA score 2 represented aggressive tumor phenotypes and unfavorable prognosis, relative to FA score 0. Considering the association of FA score and smoking status in this study, our subgroup analysis found that FA score was related to survival both in smokers (P=0.011) and in nonsmokers (P,0.001). Furthermore, FA score was associated with PFS and OS in both SCC and ADC according to our analysis. Patients with neoadjuvant treatments were excluded considering the influence of preoperative treatment on clinical outcomes, but 84 patients with postoperative treatment were still included in the analysis. Then, we assessed the association of postoperative treatment and PFS (P=0.482) and OS (P=0.177), but no positive results were found. Among 98 patients without postoperative therapy, FA score was still statistically related to PFS and OS (both P=0.001). Patients with score 0 had a median OS of 67.0 months, while it was 27.0 months when patients were in the score 2 group. The mortality of patients according to a score of 0, 1, and 2 was 33.3%, 50.7%, and 77.4% (P,0.001), respectively.
Low albumin commonly reflects malnutrition, which could impair anatomic barriers, immunity, and other defense mechanisms. 34 Fibrinogen is involved in the connection between matrix and tumor cells. It could act as a scaffold binding with growth factors, including vascular endothelial growth factor and fibroblast growth factor-2, 35, 36 which promotes adhesion, proliferation, and migration of tumor cells. Moreover, fibrinogen deposition facilitates the formation of thrombin by enhancing the interaction of tumor cells and platelets, which protects tumor cells from natural killers. 37 Palumbo et al revealed that the formation of pulmonary metastases could be inhibited when circulating fibrinogen was absent in mice models. 38 The results can help explain our findings of FA score in NSCLC patients.
PNI was reported to exhibit an association with tumor prognosis. Studies have confirmed that NSCLC patients with low PNI experienced poor clinical outcomes, but the optimal cutoff value was controversial. 18, 19, 21 Besides albumin, the predictive value of PNI stems from lymphocyte partially. Lymphocytes play an important role in inducing cytotoxic immune responses and suppressing tumor cell proliferation and invasion. 39, 40 However, another study observed that elevated CD4 + T lymphocyte infiltration into tumor was correlated with poor outcome in prostate cancer patients. 41 In our analysis, patients with low lymphocyte count tended to develop lymph node metastasis and demonstrated advanced TNM stage. We set the cutoff value of PNI as 46.6, and found that patients with PNI ,46.6 had advanced T stage. PFS and OS would be longer if patients had a high PNI. We found that PFS and OS had no significant difference between two groups of PNI in patients with ADC, which might partially be explained by the different biological features between SCC and ADC. As Black et al elaborated, an enrichment of regulatory T lymphocytes (Tregs) existed in lung ADC tissues, and was associated with poor outcomes. 42 This may diminish prognostic values of PNI in patients with ADC.
In the multivariate analysis, FA score was an independent predictive factor for PFS and OS while PNI was not. Our analysis of the 1-year, 3-year, and 5-year OS revealed that PNI was not suitable for predicting short-term survival in NSCLC patients. ROC curves of FA score showed that the 
3117
Fa score as a promising prognostic indicator in nsclc AUC was 0.636 (P=0.001) for PFS and 0.662 (P,0.001) for OS, which were superior to PNI. These suggest that the FA score could provide more prognostic information, being a more accurate predictor than PNI.
This research is limited to a retrospective single-center cohort, and a small sample was enrolled. We only conducted a subgroup analysis including SCC and ADC, and other pathological types were excluded because of the small sample size. In addition, the cutoff levels were calculated by ROC curves, and it was unclear whether other cutoff values were more valuable. Considering this, our study confirmed that FA score was a potential independent prognostic predictor in NSCLC patients undergoing surgical treatment. Multicentric prospective studies with large samples need to be carried out in the future.
Conclusion
In general, the nutrition and coagulation-based FA score might be a more promising prognostic predictor than PNI in NSCLC patients who undergo surgical therapy. Measurements of fibrinogen and albumin were carried out at low cost, were less traumatic, and were easily accessible in clinical practice. Thus, the FA score could serve as a biomarker for prognosis in NSCLC patients with pneumonectomy. This systemic score can facilitate doctors' selection of patients who may need to accept more adjuvant therapies and more frequent follow-up, which are beneficial for personalized treatment in NSCLC.
